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(57) ABSTRACT 
A body motion discriminating apparatus includes an accel 
eration sensor for detecting a body motion of a user, a storing 
unit for storing a threshold, a threshold changing unit for 
changing the threshold based on physical data expressing a 
physical feature of the user and registering the changed 
threshold in the storing unit, and a discriminating unit for 
discriminating Whether a detected body motion is Walking or 
running by comparing a Value of a parameter calculated from 
amplitude and cycle of an output signal of the acceleration 
sensor With the threshold. 
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BODY MOTION DISCRIMINATING 
APPARATUS AND ACTIVITY MONITOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technique for discrimi 

nating Walking and running from each other by an accelera 
tion sensor. 

2. Description of the Related Art 
Methods of automatically discriminating Whether a user 

(subject) is in a Walking state or a running state by an accel 
eration sensor attached to the body have been being studied. 
A technique of this kind is applied to, for example, an appa 
ratus for measuring a quantity of exercise (step count, energy 
expenditure (consumption), or the like) or an intensity of 
exercise (METs or the like) (pedometer, activity monitor, or 
the like) and an apparatus for recording/managing a physical 
activity of a subject in a hospital or a rehabilitation facility. 
(“METs” is a unit of metabolic equivalent.) 

In Japanese Patent Application Laid-Open No. 7-178073, a 
method of extracting an AC component in an output signal of 
an acceleration sensor and discriminating Walking and run 
ning from each otherbased on the frequency and amplitude of 
the AC component is proposed. Certainly, during running, the 
pitch is higher and a vertical motion of the body is larger than 
those during Walking. Consequently, as a general tendency, 
the frequency of an acceleration Waveform is higher and the 
amplitude is larger. HoWever, since the frequency and the 
value of the amplitude Which change from the Walking state to 
the running state vary among individuals, in the case of a 
conventional uniform discriminating method, there is the 
possibility that the discrimination ratio markedly drops 
depending on a user. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in vieW of the 
above-described circumstances and an object of the invention 
is to provide a technique capable of precisely discriminating 
Walking and running from each other based on an output 
signal of an acceleration sensor in consideration of individual 
differences such as differences in physical attributes. 

To achieve the object, the present invention employs the 
folloWing con?guration. 
A ?rst aspect of the present invention relates to a body 

motion discriminating apparatus including an acceleration 
sensor for detecting a physical activity (body motion) of a 
user, a storing unit for storing a threshold, a threshold chang 
ing unit for changing the threshold based on physical data 
expressing a physical feature of the user and registering the 
changed threshold in the storing unit, and a discriminating 
unit for discriminating Whether a detected physical activity is 
Walking or running by comparing a value of a parameter 
calculated from amplitude and cycle of an output signal of the 
acceleration sensor With the threshold. 

The “physical data expressing a physical feature” refers to 
a feature Which can exert an in?uence on a body motion 
(particularly, the pitch and stride of Walking and running) 
among features of the user. Typically, data expressing physi 
cal attributes such as “height”, “Weight”, and “length of leg” 
corresponds to the physical data. Since “sex”, “age”, and the 
like also exert an in?uence on the basic physical ability, they 
can be also used as the physical data. The physical data may 
not be one kind of data but may be a combination of a plurality 
of kinds of data (for example, a combination of height and 
Weight or a combination of height, sex, and age). 
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2 
According to the present invention, by changing (adjust 

ing) a threshold for discriminating betWeen Walking and run 
ning from each other based on the physical data of the user, 
differences among individuals such as differences in physical 
attributes and physical ability can be absorbed, and Walking 
and running can be discriminated precisely from each other. 

Since the very simple process of comparing the value of the 
parameter calculated from the amplitude and cycle With the 
threshold is performed, there is also an advantage that the 
calculation amount can be reduced. Further, there is also an 
advantage that it is su?icient to change the threshold, and a 
calculator (program or circuit) of the parameter is commonly 
used. Those advantages contribute to miniaturization of an 
arithmetic circuit, reduction in cost, and poWer saving. 

In the present invention, preferably, individual thresholds 
can be registered in the storing unit for a plurality of users. 
With the arrangement, the apparatus can be commonly used 
by the plurality of users. Moreover, by using an individual 
threshold for each user, Walking and running of all of users 
can be discriminated from each other With high precision. 
As a parameter, a value obtained by dividing one of the 

amplitude and the cycle by the other can be preferably used. 
There is a tendency that the amplitude is larger and the cycle 
is smaller during running than those during Walking. By 
dividing one of the amplitude and the cycle by the other, the 
tendency is increased. Thus, Walking and running can be 
discriminated from each other more easily. 
A second aspect of the present invention relates to a body 

motion discriminating apparatus including an acceleration 
sensor for detecting a body motion of a user, a storing unit for 
storing a threshold, a discriminating unit for discriminating 
Whether a detected body motion is Walking or running by 
comparing a value of a parameter calculated from amplitude 
and cycle of an output signal of the acceleration sensor With 
the threshold, and a correcting unit for correcting at least one 
of the value of the parameter and the threshold, Which are 
used for the comparison, based on physical data expressing a 
physical feature of the user. 

In the ?rst aspect, a preliminarily changed threshold is 
registered in the storing unit. In contrast, in the second aspect, 
at the time of the discriminating process, the value of the 
parameter and/or the threshold are dynamically corrected. 
With the con?guration as Well, differences among individuals 
such as differences in physical attributes and physical ability 
can be absorbed, and Walking and running can be discrimi 
nated from each other With high precision. 
A third aspect of the present invention relates to an activity 

monitor including: the above-described body motion dis 
criminating apparatus according to the present invention; and 
a calculating unit for calculating a quantity and/ or an intensity 
of the detected body motion based on an output signal of the 
acceleration sensor and a discrimination result of the body 
motion discriminating apparatus. 

With the body motion discriminating apparatus of the 
present invention, Walking and running can be discriminated 
from each other With high precision. Consequently, the quan 
tity of physical activity (such as energy expenditure) and the 
intensity of physical activity (such as METs) can be accu 
rately calculated according to the discrimination result. 

According to the present invention, Walking and running 
can be discriminated from each other With high precision 
from an output signal of the acceleration sensor in consider 
ation of individual differences such as differences in physical 
attributes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the internal con?gura 
tion of an activity monitor; 
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FIG. 2 is a diagram showing an example of the waveform of 
an output signal of an acceleration sensor; 

FIG. 3 is a scatter diagram showing a result of an experi 
ment conducted on a plurality of subjects; 

FIG. 4 is a scatter diagram showing the correlation between 
height and cycle; 

FIG. 5A is a graph on which amplitudes during walking 
and at the start of running of a plurality of subj ects are plotted, 
and FIG. 5B is a graph on which corrected amplitudes are 
plotted; 

FIG. 6 is a ?owchart of a user registering process; and 
FIG. 7 is a ?owchart of a measuring process. 

DESCRIPTION OF THE EMBODIMENTS 

Preferred embodiments of the present invention will be 
illustratively speci?cally described below with reference to 
the drawings. An example of applying a body motion dis 
criminating apparatus of the present invention to an activity 
monitor will be described. 
<Con?guration of Activity Monitor> 

FIG. 1 is a block diagram showing the internal con?gura 
tion of an activity monitor. An activity monitor 1 includes a 
control unit 10, an operation unit 11, an UP 12, an acceleration 
sensor 13, a memory 14, a display unit 15, and a power source 
16. 
The control unit 10 is constructed by a microprocessor, an 

FPGA (Field Programmable Gate Array), or the like and 
plays the role of executing various computing processes such 
as detection of a body motion, discrimination of the kind 
(walking or running) of the a body motion, calculation and 
recording of the quantity and/ or intensity of the body motion, 
and display of an exercise achievement, and control of the 
display unit 15, and the like according to the pre-stored pro 
gram. The details of the function of the control unit 10 will be 
described later. 

The operation unit 11 is a user interface for performing 
operations such as setting of a goal, resetting of the number of 
steps and display, and entry of various setting values. The 
operation unit 11 also performs operations such as registra 
tion of a user and entry of physical data (height, weight, sex, 
age, and the like). The UP 12 is an external interface for 
transmitting/receiving data to/ from an external device such as 
a body composition meter or a personal computer by wireless 
communication or wired communication. The memory 14 is 
nonvolatile storing means for recording the number of steps, 
the quantity of physical activity, the intensity of physical 
activity, and the like and storing information of a user (includ 
ing physical data), and data such as various setting values 
(including threshold for discrimination) used by a program. 
The display unit 15 is display means constructed by an LCD 
(liquid crystal display) or the like and can display information 
such as the number of steps, the quantity of physical activity, 
the intensity of physical activity, the degree of attainment of a 
goal, and the like. 
<Acceleration Sensor> 

The acceleration sensor 13 is a detecting unit for detecting 
a body motion of a user. A uniaxial acceleration sensor or a 

multiaxial acceleration sensor may be used. However, to pre 
cisely detect a motion in the vertical direction, preferably, at 
least one axis is disposed in the vertical direction. As the 
acceleration sensor 13, a sensor of any principle such as a 
capacitive sensor or a pieZoelectric sensor can be used. 
A raw signal output from the acceleration sensor 13 

includes low-frequency components corresponding to ?uc 
tuations in gravitational acceleration (static acceleration). It is 
consequently suf?cient to eliminate low-frequency compo 
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4 
nents by using a high-pass ?lter and extract only components 
of dynamic acceleration of a body motion (walking or run 
ning) of the user. By using such an output signal, accurate 
discrimination of a body motion and accurate calculation of a 
quantity of physical activity and an intensity of physical 
intensity can be performed. In the case of using a sensor of a 
type which detects only a change in the dynamic acceleration, 
the con?guration such as the above-described high-pass ?lter 
is unnecessary. 
<Discrimination Between Walking and Running> 

FIG. 2 shows an example of the waveform of an output 
signal obtained from the acceleration sensor 13. The horiZon 
tal axis indicates time, and the vertical axis indicates the 
magnitude of acceleration. The ?rst half shows the wave 
forms at the time of walking. The latter half shows waveforms 
at the time of running. It is understood that when the activity 
type changes from walking to running, the pitch becomes 
higher (the cycle becomes smaller) and the amplitude 
increases. 

Such a tendency appears commonly to all of people. There 
fore, by evaluating changes in the cycle and amplitude of the 
output signal waveform, there is the possibility that walking 
and running can be discriminated from each other. However, 
the values of the cycle and amplitude at the time when the 
activity type changes from walking to running vary among 
individuals. It is therefore di?icult to precisely discriminate 
walking and running of all of users using a uniform threshold 
(or a uniform discriminant). 

FIG. 3 is a scatter diagram showing a result of an experi 
ment conducted on a plurality of subj ects. The horiZontal axis 
indicates amplitude, and the vertical axis indicates cycle. 
Solid diamonds express “walking”, and blank squares 
express “running”. In the experiment, the walking speed was 
gradually increased in a treadmill, and a change from walking 
to running was determined by a visual check. In the scatter 
diagram of FIG. 3, the amplitude and cycle at the time of a 
change from walking to running are plotted as “running”. As 
understood from FIG. 3, the border between walking and 
running is unclear (points of walking and points of running 
mixedly exist). Even when attention is paid to any one of the 
cycle and amplitude, it is di?icult to set a threshold for dis 
criminating walking and running from each other. 
The inventors of the present invention have earnestly made 

examinations and experiments in consideration of the above 
described point, and found out that there is a high correlation 
between the cycle at the time of a change from walking to 
running (hereinbelow, referred to as “running start cycle”) 
and physical attributes (such as height, weight, and length of 
legs). They also found out that individual attributes such as 
sex and age exerting an in?uence on the basic individual 
physical ability also have a relation with the value of the 
running start cycle. In the following, features which can exert 
an in?uence on a body motion (particularly, the pitch and 
stride of walking and running) among features (attributes) of 
a user will be generically referred to as physical data express 
ing physical features of the user. 
As an example of physical data, the correlation between 

height and the cycle will be described. FIG. 4 is a scatter 
diagram showing the correlation between height and the 
cycle. The horiZontal axis indicates height, and the vertical 
axis indicates cycle. Solid squares express “cycle during 
walking”, and blank diamonds express “running start cycle”. 
It is understood that although there is hardly a correlation 
between height and the cycle during walking, the running 
start cycle has a high correlation with height. A regression line 
y:ax+b was derived from the experiment result of FIG. 4. A 
correlation coef?cient (R2) of the cycle during walking was 
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about 0.05, and a correlation coef?cient of the running start 
cycle Was about 0.68. It could be con?rmed that there is a very 
high correlation betWeen height and the running start cycle. 
By using a regression line (coef?cients: aR, b R) obtained here, 
the value “y” of the running start cycle of the user can be 
estimated from height “X”. 

The running start cycle obtained as described above satis 
?es the folloWing relations. 

Cycle during Walking>running start cycle>cycle dur 
ing running 

Therefore, When the output signal of the acceleration sen 
sor is obtained, by correcting the amplitude as folloWs, 

amplitude after correction:measured alnplitudex (run 
ning start cycle+measured cycle), 

in the case of Walking, the corrected amplitude becomes a 
value smaller than the actually measured amplitude because 
(running start cycle+measured cycle)<l, and 

in the case of running, the corrected amplitude becomes a 
value larger than the actually measured amplitude because 
(running start cycle+measured cycle); 1. 

Therefore, the difference betWeen the amplitude during 
Walking and the amplitude during running is emphasiZed, so 
that Walking and running can be discriminated from each 
other more easily. 

FIG. 5A is a graph on Which amplitudes during Walking 
and at the start of running of a plurality of subj ects are plotted. 
The upper side shoWs a graph at the start of running, and the 
loWer side shoWs a graph during Walking. The amplitudes 
during running are plotted upper than those at the start of 
running (not shoWn). As understood from FIG. 5A, there are 
individual differences in both of the amplitude during Walk 
ing and the amplitude at the start of running. The amplitude 
during Walking of a subject A is larger than the amplitude at 
the start of running of each of subjects B and C. Therefore, in 
this case, Walking and running of all of subjects cannot be 
discriminated With one threshold. 

FIG. 5B is a graph on Which corrected amplitudes are 
plotted. It is understood that the amplitudes during Walking 
are smaller in Whole. There is hardly any change in the ampli 
tude at the start of running for the reason that the “running 
start cycle” and the “measured cycle” become almost equal to 
each other in the correction formula above. The amplitudes 
during running (not shoWn) are large in Whole. It is under 
stood from the corrected amplitudes in FIG. 5B that the 
amplitude during Walking of the subject A is smaller than the 
amplitude at the start of running of each of the subjects B and 
C. In this case, therefore, Walking and running of all of sub 
jects can be discriminated from one another With one thresh 
old T. 

That is, the folloWing discriminant is satis?ed. 

Threshold T <measured alnplitude><(running start 
cycle+measured cycle)—>running 

The othersQWalking 
By modifying the discriminant, the folloWing discriminant 

is obtained. 

Threshold T x>measured cycle+measured 
alnplitude—>runnin g 

The othersQWalking 

Where threshold T Frunning start cycle+threshold T 

The threshold TX can be obtained from the value of T 
preliminarily obtained by an experiment on subjects and the 
running start cycle calculated from the height of the user of 
the activity monitor. The right side of the discriminant (a 
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6 
parameter for discrimination) can be obtained from an output 
signal from the acceleration sensor. There is a tendency that 
the amplitude during running is larger than the amplitude 
during Walking and the cycle during running is smaller than 
the cycle during Walking. By using a parameter obtained by 
dividing one of the amplitude and the cycle by the other as 
described above, the tendency is increased. Thus, Walking 
and running can be discriminated from each other more eas 
ily. 
<Operation of Activity Monitor> 

FIG. 6 is a ?owchart of a user registering process. The 
registering process is executed only once at the time of reg 
istering a neW user. 

When a user enters height from the operation unit 11 (S60), 
the control unit 10 calculates the threshold TX of the user from 
the input height and the values of coe?icients aR, b R, and T 
Which are pre-stored in the memory 14 by the folloWing 
equation (S61). 

Threshold Tx:(aR><height+bR)+T 

The calculated threshold TX is registered in the memory 14 
(S62). After that, When the user uses the activity monitor, the 
threshold TX registered in the memory 14 is used. 

In the activity monitor, a plurality of users can be regis 
tered. In this case, a threshold can be individually registered 
for each user in the memory 14. At the time of using the 
activity monitor, by entering the ID of the user from the 
operation unit 11, his proper threshold is read. 

FIG. 7 is a ?owchart of the measuring process. The How of 
the measuring process is repeated in a predetermined period 
such as a feW seconds or ten-odd seconds. 

When output signal Waveforms for one period from the 
acceleration sensor 13 are fetched in the control unit 10 (S70), 
the amplitude and the cycle of the Waveform are calculated 
(S71). In this process, an average amplitude and an average 
cycle are calculated. The control unit 10 calculates a discrimi 
nation parameter “cycle+amplitude” from the amplitude and 
the cycle obtained in S71 and compares the value of the 
parameter With the threshold TX (S72). In the case Where the 
value of the parameter is smaller than the threshold TX, a body 
motion for this period is determined as “running” (S73). In 
the other cases, the physical activity is determined as “Walk 
ing” (S74). The determination result is used for calculation of 
the quantity and intensity of the physical activity (S75). 

In the above-described con?guration, by changing (adjust 
ing) the threshold TX for discriminating Walking and running 
from each other based on the physical data of the user, differ 
ences among individuals such as differences in physical 
attributes and physical ability can be absorbed, and Walking 
and running can be precisely discriminated from each other. 

Since the very simple process of comparing the value of the 
parameter calculated from the amplitude and cycle With the 
threshold is performed, there is also an advantage that the 
calculation amount can be reduced. There is also an advan 
tage that it is suf?cient to change the threshold, and a calcu 
lator (program or circuit) of the parameter can be commonly 
used. Those advantages contribute to miniaturization of an 
arithmetic circuit, reduction in cost, and poWer saving. 

Since the threshold can be registered for each user, one 
activity monitor can be commonly used by a plurality of 
users. Moreover, by using an individual threshold for each 
user, Walking and running of all of users can be discriminated 
from each other With high precision. 

Since Walking and running can be precisely discriminated 
from each other, a quantity of physical activity (such as 
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energy expenditure, burnt calories) and an intensity of physi 
cal activity (such as METs) can be calculated more accu 
rately. 
<Modi?cations> 

The con?guration of the foregoing embodiment is just a 
concrete example of the present invention. The scope of the 
present invention is not limited to the foregoing embodiment 
but can be variously modi?ed Within the technical idea of the 
present invention. 

For example, although height is used as physical data in the 
foregoing embodiment, a proper threshold can be also simi 
larly determined by using data such as Weight or length of a 
leg. Further, it is also preferable to make the coef?cients (a, b, 
and T) used for calculating the threshold vary and/ or to cor 
rect a calculated threshold, according to sex and age. It is also 
preferable to use a plurality of kinds of physical data at the 
time of determining a threshold. 

In the foregoing embodiment, a threshold for each user is 
registered in a memory and, at the time of the measuring 
process (discriminating process), the threshold is used. HoW 
ever, it is also possible to register only physical data in the 
memory and, at the time of the measuring process (discrimi 
nating process), dynamically correct the value of the param 
eter and/or the value of the threshold based on the physical 
data. In this case, correction calculation is necessary for every 
measuring process, so that there is a disadvantage that the 
calculation amount increases. HoWever, similarly to the fore 
going embodiment precise discrimination can be realiZed. 
What is claimed is: 
1. A body motion discriminating apparatus comprising: 
an acceleration sensor for detecting a body motion of a 

user; 
a storing unit for storing a threshold; 
a threshold changing unit for changing the threshold based 

on physical data expressing a physical feature of the user 
and registering the changed threshold in the storing unit; 
and 

a discriminating unit for discriminating Whether a detected 
body motion is Walking or running by comparing a value 
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of a parameter calculated from amplitude and cycle of an 
output signal of the acceleration sensor With the thresh 
old. 

2. The body motion discriminating apparatus according to 
claim 1, Wherein the physical data is height and/or Weight. 

3. The body motion discriminating apparatus according to 
claim 1, Wherein individual thresholds for a plurality of users 
can be registered in the storing unit. 

4. The body motion discriminating apparatus according to 
claim 1, Wherein the parameter is obtained by dividing one of 
amplitude and cycle by the other. 

5. An activity monitor comprising: 
the body motion discriminating apparatus of claim 1; and 
a calculating unit for calculating a quantity and/ or an inten 

sity of the detected physical activity based on an output 
signal of the acceleration sensor and a discrimination 
result of the body motion discriminating apparatus. 

6. A body motion discriminating apparatus comprising: 
an acceleration sensor for detecting a body motion of a 

user; 
a storing unit for storing a threshold; 
a discriminating unit for discriminating Whether a detected 

body motion is Walking or running by comparing a value 
of a parameter calculated from amplitude and cycle of an 
output signal of the acceleration sensor With the thresh 
old; and 

a correcting unit for correcting at least one of the value of 
the parameter and the threshold, Which are used for the 
comparison, based on physical data expressing a physi 
cal feature of the user. 

7. An activity monitor comprising: 
the body motion discriminating apparatus of claim 6; and 
a calculating unit for calculating a quantity and/ or an inten 

sity of the detected physical activity based on an output 
signal of the acceleration sensor and a discrimination 
result of the body motion discriminating apparatus. 


